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i» ^ s, ts '^imvl K "^'arl l-ai-h scnM^r ulurtL, ^ilh Si 

ICS £■ J \ 1 t t 1 xidM^ s^iil Ilk !s.Sj>ft'^h 

ii 1 < t L \ 1 Ik I t I t klwi'eH flu ^.rsM rs are 

nght srI ^^it o^tria fhtti. li, * ft&t mm aftet P ^^a^t wh^rl* »^ pm. oi wIik^ n k 1 5h«. 
^ \V) rK tts^iii* I*?®? spik)? in ^ "^M^t MgRsl v&^lfed slje Ql'^ "Hit, QR«5; 

ji r nil k t s 1 I II , (M ^ KUii 6. 

K, 4, k I i JL ..^.iiioJE V. ^ IK s^K 111 s >^,.i]L^ „x„ t 1 1 u a \ u * 

^ h 1 It V M 1 1 >vt V r 1 \ V itj 

31^ ^ 1i 1 1 -lit u fa 13^1% 3 ^ liiJ To ^ h-^>3i \U ^(im^^vt^i^ 

\ t I 1 111 i( 



iJi It K 1 in trti )1 i T*t r \ I V \ ^k-v r ru 

„ oH- II s s I - ) k t U 1 N 1 ^ 1r 11 rK 

10 v^riai'^ ^ri&q.jtmitfj> IK abc* a\S"tagisi *v) ttax^^e k*gvH taflcsom ct ^jmx x>rij?^u^ 

mQX^ rmdi^m dajsi m tolj? - mtse " sekI Sftssy masKOigie^s. it mi^i be tfest the si^ssds s.te s?« 
rtmov^esj ^ i'^dieamie s djvw.^ ■^tafst m ^ paiiL-sL .WtWsr s*^ttKh^ as >fe^ioieO' m U li-Jx,'^? 

^sffi'-ents stMisassas cMllessgsJS.. F«s e3«mia5Jie:<. &s ssiMSies &tii mt sH^w <^i&*if^'^ \ ^i.t {ht he^i^ 
M LhAmfjm corij^ia aasl (Ivitiag Ixa.'^Ttfi Aisdi uIn ^ i"^ it n 

^vi I I *i ^ \t ^ k [M V I I r * hi. I fi* n ivt. IkT 

i^Miii i-i lie 1 I ii ^ Ml'}* t t(.kn1\iS 

i dL-^iiA 1 I u t I ■'^ if hl M I I h ai 

tti^f w\ ^ * \o c>-tiN iintkkl i^riiii^L ^ l*>.,i r jj...*^'^ II \UM Mti l-nid 

t -^rsp^ Ki i.'v jNitieK Msswt^«r the: card^a^, Si^FS^K ans m %et mi^^^sres svt ^ti^ ^ *fe*t5i jnu'^ipk 
^.OLr^tv jass tlic *«.g£isl\ thjt ai^ sf^pott^t fox irbythmia ikl^f'tsti taji m4siks.d b\ other -yg^alx 

35 mt^eyH.'ttfcpt 4.<Hn^iaie^t ^it!ahf^'^ (K 4) is s iei,*5mijue <iepi^fc^ng mAed y^w^ 'a^h 

iyCift ]-\\^L(*t^ ■<^h.K.h ikv>u ^^si^nMy lak^t^ndij^t ivmn t^-Ji i>t3isjr in it*> \nn^ ifiM ams 
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t\»tp niuHiplMfij, tliJL. i CisK Vki^ tK zm -irtxi-^ ^iirp*<^te(l ^sg^iiK ibt, vis gl^i^. 

5 p^rn \ 11 1 n I n \ v [ i u t-^ t'^ i v i;<us*it 

]{ \ 11 1 It 1 Ml *^ ^ i ht \ i T \ 

> is. \ I -k. I 1 I l^ ^ ] ^ V n t K s ^ t ill ^ r 

1^^ UJ^-^ 1 V .tl^ ^ 1 K I K K 

^to i \ u hi ix 20t'U M<rk < '^^■^ V'.v.v^ar uiT^^v!<k<ii "^KyXKrki. 

iS-^rr^ Wag «>«!pifem3« J'S^^ jr^ Mark Gopalams tEdslos^ Aj^LitEU^SSs^ .M^^^giTlv 

(imm mmm\ PrmUm-iMl (MX 

v.ar- t,.«sj^ hisses ^mp\ ds&Ll<ss4ir£& ifii,Lik U S F^teaii NiSfe. 43^ 004 '^i ^.2,401, 44'' ^2{? ^ 
^ 4Nf PCT ^spplti.ffK'^si >lo« wm2 1412^ Mid WO0224;"'6 Srslh a. ^yXMs^Ss 
20 <.,^%T^1j»y fele^ttKfe^ S^^t^bllm. tuf^iila^yjgs, V&l 7^ ' tlHJ^am l^5ig> cmm 

\ diM.!o^JCi m^^'^ ^ss^i \o ^ 44" inhi*^'^ ^spmt vt ^ 4 1 » ? «mt No 

cSls^^fiitt'-i-, 1 u I * It ^ ^1 V l'^ a \\ \ 

whether m tht tmm cfS a neetirs^ve; pmcfiss a? a ^ ts^ dit^P^tsBt^ i^s^tK^s Tnetdeh?^ a phvsseat 
\1 >. T N^'^^Ut ^ wui. 1- 1 1 ^tin ri u I ^ ^ i 
30 hthnn'- ^, pl4>*t&t.f m s av«r in e^^terdssi ^mtei n?sS*ems ea^ ne dtH.ovsi;T<| 'ha* •sr? rot 

\\um vd^ ilVIm vtii^g^n ) g ^^te ji^hH f.t>*t.M.eld i DtmNil'tnsM N H 
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FaoU^nl, a^id R *^ Sjji^NV. (.^^Jjgigjmunii g fey l>»n^i&K i^^ of iliSiOUc rii>'^s.. Fl^x'^u-^ .^O. Il%n. 
^ ni oil of ihcsc tosNon^, ■vvSw "Ct.'i. - i ' i- ^v^i5J^^ sliiSt iL'aj5 ac^uratdy ?«pum« 

orulv^s'-s u> k^ttonnne I'b^ e\ sutvt' .^Uii loc.n k-^^- 5 - .n, sic u ' *h ii< r.t <- K-^n 

Ir-o&ic cin^\'^nxv^cn^ rcg^k^ns of a i.hd.rabfj «t ^Vj }u\^!t bMs\, i^vr^ iu<\K^r^.'u j?\im s 

be quifikiy iatgK?is?d la etTec^Jvciy mhih^t these cnmpJ^ drFhyth5t55<iii wrtho^jt havirm to rely (m 
m^s^pvtM md time COT^?T3?sig seqyentsaJ searches or rni m&&itvily m\^mt mmuh&m<M?^ 
ini?3C«ix^ia« ser^tjr fsechsssqae. 111!; sffeetsve Iftcalsaa^ots of tee eonspkx 8?rh>'toai&s c-3.n he 
$?gnif!cs?5ily e?sharic«d fey m^ng mik^rtdesit £iQmp«MM analysis to ssparats ^pcrtjsf^poysd h«drt 
i$ cy^k M^ah ongisiatin^ dif^f^ng ehambg?s or regions of tk' heart tissw |ji addition, tk: 
sigrtals thai m? sepsssaled by ICA m prefOThly a^so »«^ly?S'd by plo^Htif Ihc?^ w & chw phase 
sisse&f«srtm)t, 

Oi<^ a$p«?«t of th«' invicf5?i«js5 rdaties to s tnedtcal s><&tero fbr ssspamtsng csrdja£ signals. Ths^i 
8jfim inclys^es s recavmg moiluk 10 reeeiv*; recorded c^dia^e &i^aJiS fjro^s ifis^dicai smsors^ s 
20 compistjn^ fiii-nj^jle to NCixiJj^*^ the it^o^.-^^ N,gtV8.^s ..^'^i^g srdjp<'*>(.1'?!i5t compoTum stis1>sis to 
^MiCiducfi' ^e^israied a^^r^fe's ^m^l a Khofh\ module kx.^^'^p'sv th^^ sq\i^8u\J ^igtiah 

<^,i,,*^fi ,s<;p<vl 0$ tfe 5-T',ent!on rijl&^es to <3 rs-ethod of dciecim^ diT'i^S'i'S^u r d i^sihert, 
n 1. ! J (.L ; } k I 1 n '-ib.'is.^ I 1 1 prxJuvi rt^iMduJ ' ^ r n >ii ^ n ^t^^>\^ ^ 

of -*,i;p8.!"site<l ».\!fFe5;|H>iid& fei & 4;hAf3wJ tit ^^^ nnkd si|>"i<s.'- .irs-,1 -^.--i'lOt itvshPin, thi?r«%« 

\%'hm XiK m& sjr xtm^ iimpmtxits of sjep-jja^esJ ^Jiisi '-^c:;:^ « i'siT'i>?bi;t j. ^tt detecssjd, the 

S0 y<r? s^so^hsr a=5p^<:t of the mv^ntiw? relates to a s-ardis-ij jf?ythn? t??s?jisf?j?iet3t systo. The 

isv^tcjn in-itiiiies a n^iTichSiE; sigrtai recsifiiinf modxik ts> i^iM cafdia-c 'sisgnsls. of patsen^, a 
c-sjis^ipytss^g motkik tn se[waJfi thie iwsrdeil Si^s^aU miQ separated «3;^sH tjKinj^ ss^dependcnt 
04J5J5|HSfitfn$ aji^lysii^ d.ai! ^ deti;ctK>3i ttioduk io ttetect or to pfe^lict S55 afjiicnnal ciseiditsoss ha^d cm. 
md\^'m\g the sCj-sajtst^U s^git^b 'FIjs ^.y^t^tu slsss^^ mclud'es a t*eia?5Siertt mcMluk t*.^ trtf*it dte patK'nt 

:3S a isarmn^? n^<xkil.e s*:^"!? a warnspg when the jibn^"<rtna) !.v(?^d5?3on fs <ict>5^; U"<i m iwclsc^^'d 

CHhe? di|iC4.'ts feftd esiibodimtfnti of the iiu'-ffnti&« are Jfcs<:nbed bcktw in the detailed! 
*.K'5>\"riptjoti N<vuoii kkliiu^d by tiK' dmm 



FIGURE 2 a Oowch&rt 




20 s\si*.<f<>s. and that ^tjsl: ^px«?M? <?ifS!S^© xsmng ICA, ^ ihm p^Hstm ajsgJ>sa& an a 

STie-ci$1c s'saUteJ -<xna!, or feet of tsolatsjd: sj^^ts, «Si?5g a "chao*?" analvMs A-^ <1^'=s tsKxl c^sihn. 

vHe>-ir>?de scn^on 1^0 pl^cs?^ m. the c^eat md hmh d pattetit 140 Ttacird dcc^i^c *!?gFS*sk. 
TVe ^kctrjNks -strnd the ^ccc!f4^ ^ignab to & recesv-^^ r^>id5jk ^ 10 t5)i£ FKG sys^tCET 100 <^Per 
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^sgnsil?; proi^^jt-e ?«parar*-Hj ^isnsaJs. IV. tn-at-pfnvk->n CLHtiptmaU .wialv-s^s. jwtKxl has 

-^iirip i-~v 1 " ^ V uM^ 1 J I I fl I t'i li-s. 

i.-|$\|>l8. ^ N sor-r !HiTi!|.xi"eit"N ct^furijteJ sn a cha<,is r>ha^c "^[Ni^-C t^ortr^?; 

J EKG ssgttal tnggere ai^d co«e^?osdmg di&gn»ss&. Use triggers ¥>&fet ro «e^^d^ti<ms tte 




11^ 
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W0 s>MMj»1iS l»0,'tjS«l.'2l3?1 

It 1 J 11 ^ J 1 T-*. i^t. d tmtux o tin (i«?v1 si^nih Tr i 

r r i r 1 1 it titn„ i. i; 1 t '^l "^"iith l^t 

1 I 1 ^ * \ I r h I t s\ X n X 4^ ^ 

^ Ik n -^iTixs. ihe ^rarji-^ig MipaK Msriho^ ^iits*uig tls; i*« ^hSir lu\t bot:ti Jt^t^btsd m 

1 ktis ^>.ja*>Oi br>cn r^iaccd a ^at >\"^ct»rv kw* Il^t, s^^t^ria Iw lbs dvjlcrtr'nat on 

2 4 v^he^re it^ training af« di^ avfcJ sg^^-^ted fe Tr h 1 %'>ftg tbc rsumtM:-? 

rv*^ima fT^KTj block 113 Da tH isJock 20? u 4.g*tn a*, sfe i^^ighl^ I n?n tN? hl<xi I fcS; 
smeess pstsceeds an Mmk lib. 

^ est tilt ii*<mi\3!3g -^i^ax W ^^etj^ val^se^ tov.<; t^rt^ent tht. ttrr<« 

3 1*-^ ^fcixiltt? ^5ve t«^^c^h> of cai.Js tiPftrpa'Tcnt md ^idt. tti it. n^t tor 

III I \ (, i. N- c I t &tpiAf^tt(^ ct I i;\ t w 

1 i J I I n \ (t i.<>ni-i^ tl X 

u "i n I II K k ( ^ ot "ii. till n \ 

^ t I 1 I 1 f •CTit.3'%i:l t'^cmH^ n 4 

I i t ^ c in \ y tx. ! v> ^ u hv ni^''^^?ik c<(Tn-i \ 

i I I 1 tl K n -1 A \ t<,rt4Ka5Jii l^<.Si. i i fi, i.«it*^ >i V * 

^ 1 3 h '^ w ^ vs \ * \ 

J ;„ ^4.^^fy*e^ \t4'?» ^ sTt b\ *H li A m tYwiX io K ^^d^s^ ^.Ah liidtjjefiAr t j.nd 

i -^l p<t.^\p^^\.^.l^^L ^ phi^ifitarvit tft Je*siiLt jmd is> kieai* the sbi-teKrmal ^ue^rt t-ksr^jmofiH kst 

j.wtmit 

tJmvtsessy csirs Ix? S5eg.l«i;t©<^. 
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lnir<r<,>%c<i tnetlxxK IC \ cuii hv used ti> spceil «p th« nsgrsf sep^jytKn j^tuXc^h Isj Otnc 

i«>-,tH m 1 -'^ I tc, M Cssn^J^ru! iisid 1 J Semovusiu iMt-fveadcs^t AndKM\ s.iS5?^g an. 

r^tenM hiwmjx AJ^crstlsm for Mixifd ?^ub-<S8V.4&.ma sjid SijperAssussKsn istoyrxcs?. Ntfural 

IS iseca-^ih Pstr VKfttc^l axis $e^rfr:5cnts c^as'^s?! rujflher?. 1 2 l|}«r ^.i^^ials iif llCl.'Kf ^ A. are. m 
this iiTji**?, fjorn ^ t^i^at tto ptsrtid?!i1 » mntm'i' of ?^ttlispk s^gn^l^k, mcMi'^g QHJj cfimpkv 

2® I'^ C^Miti.) * ^UjI ' B t^lu>5«T8tes output ^sigsmJs ^qjaf^Scvl *nvi the '^n^x^ii'^e -^jjj^aj^ of 

-tiM !{■>. I . 1! s i li'' 2 I ^. f ^ < L 1 Mti I 1 PI 1 >i M V. \ cniWC-*^tfe ' 

W k^mv ihM U k*3iJ« isrfn be uss'd For TOmpk, 50, .^0, gr wo hmilrifsls >>f scji^on C8?5 be 

^fi£j i^neft'TsbJv n5>n-sT!va\ive }>iest*5<Jts located on. thi: pm^i'ii body surface, but mvasi\e sesiiws Ciiti 
^Ko be u<«ed 'vs5|xird,ti'd ^stg-iah k.iSC?t c^t^^rejsptiiniljr^ to ij* rh(.' ioiatutsi*, a phv^isoun cm 
"(WK^ {\k m4 ctctpvt al!nt«^f!!^i)KtiiC^ th<st ^^ca^VJ^i^f^VLl sy (Iter r^^vpcivUvc ^oi.<*t*cu« 
35 As x^o\i.Ti 50. 1'U^liRr iM, the Lijmpones^r # I repre'«esst'i lbs p<aL«mak«f and the CiSrly 
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tcttlXfiliLnt -^H rt|M M-r:? airuL" nb. hij4>ri 4^ '>pt. arrt^Ntos 1>5t'vtor* atnsJ 
hi ">n |\tQtivd «o K ? limited «5 h*. sxa^^io fjis* cwvvponds o tha^^^t ^10 

S H) f K ) i 1 3 ^ j>c<!^ m 1 R ^ :i t ux ^ ^ t 

1 xn kif ^ Hi iiT""^ 11^ «w t*^ r 1 H ^ 1 a\ X 

, 1 1 ^ . r ) 1 ^ in. L ^ K 

^:rH.^^1l^vh^^ ^ % ^ \\ { ^ \ ni *i 

k 1 1 t 1 K t *~ p J t -1 1i 1 N 3 3 '-lijL n } 

arK3 ) ^ j^tNgn-iK k^n hs^lpsit^n^^felj ttl a'sd n{?^f Hj-s^ae feMwh Vcjc\ 

i.H cou^®».j < "^"'wai sv^tsm ml tt^ttr^ mt limited to derect^g arii^Yt^m&s en'S' m\ 

'-^ei "c il •^tgnili. uss-^i, JtJi f(ft ifxa^f^k ^hsxi s p^^sTim" wemja ijftdefSfi^e^ h\Kj nstodting tlx 
hmtt m^mh imn wraisjsgsi ^ctm the fetust^s.^ Ise s^Mst«il. 

rV c^»r**eo t-^trdiae s^g^L be iLMf^^KSsI a* ''^'^ot. hjl ftstMh 

\ ) \ (. <, nx t <^ r 1 1 i. \ 11 nxi ITS 

\\ n n Ti t r i i \ I i -iii i " X 

Ml '^K >1 n ( )i t < ^0 k t \ , 
25 5 ^ 1 ! t \ k^ S k \ I I r ^ 

I I 1. I h u i ^ I I I \ I \ 1 Mil 

KOf M< nil N I! 1 "^1 n>ii>-ni. ^ tti Li ^ L. itiJSi.. pojl^s* QE*> 

r KjI ^fs^ Hack p o*<?vk<J <!aS» Itie faorde4 Sfg:^ J^-^ sjI I Kiil^RI 3 A Ibe tiCpar^fed &i|;jial& 
^0 ^ ie>iHn^ wHth mdjc*^ anisjthmta s<ten stsesi b> rfttefeniie rivsnber 302 irt Fll QRF 3C 

3S ij^ams* th3.iinkK v.'rJtt ««^^ni ^ Hx. Kick pKije^hOTi^i of l-^l■'cs sl. CiyfiamiUi abiaw ^ff- ^ exam 
ih^ ift^urt ^ m k-itn t34>r i voiiJ^itii fosr n Mri^*t b;^ <^L£luplt n^r^pm (Lfits in the l^^,or^k^l 



\ II 0 <sx uTn *iit. f.t mptmerife ph^*^ iti r'ln w*Ske 

kli\l ^ 1 ikv tht. pb H<? Ni\ ^ \ 1 K f 1 kit <- I I n I- 

J I R* -^U lu\ ii' 1 s s>-^c<.j»r* I ^ -^^ -^ar ^ i t >t 

5 I K I \ J 4 1 ) - " n [1 I- L nt t -k-tis 

II J, ^ -I ] 1 --■v 4 pi J I u ^- [ I *x i\U h tSt 

\V1 1 V} l\ Jk - 1 KS I ^ ^ t - .rJH-tois 

bK\ov<. th«f !Jttr»«>*^sr ths iM^ttt MI J^ad m ths |»e pls^ than l3ie dsa^ s-lavte* 4i^> 
ptx-surrfcibh ^iipOK-*j, Ms t"S« »i«l?nvwal loo|j 4{j4 The ^fesa^ .."m be ^ith 

<'ii«'f£' 1%^ 3 twij3«wK SOT also be u^d to die eiiass, pfbae^i t^fateit H mon ^li'WJ ^ 

^ "X i i N I ^ ^ i P n I V. -i. r M ~i X.I L u V 

d^^l>tt^ i\xk*r-i. iiiid '-^t hoiK ^ «m K un\J U-* ^k'les.t and to lout! i'e p«roxv?-»Ml ^tml 

M ^i'.i.f. ^aU'N 'M.mie ftt tf<!£ ff^di*,.^ Jhyihs« rtyusapsi^^fait dtmvs* aSso ciStmH^^^e th& *u*xt OEfo 

^jn isr pTsiniiL 3t)ii^ tK £^*vii^ r?«vtkua^ifia^!?i,riKnt ^>«L5^^m ^uk^vtatttSil) iJtdT the psatf4?*it tm 
4.&idKi\fM<!f! Ji't Srs-jU't oti '>'NlV-l.^ to Uie l-'^&if or ti^jt^l «;timula^<?n oi t^e >v\ mpallistiC oar 



m 



abo issue a vvsimmg s phv5v;^^r., s n?sn;c or patisjiL The wsming 

fmMg«RKns ^-x*tcn>. sI^n^ include aistotaatk external defibfilkitsfs md otl^er extOTl iifiomtors, 

In mt cmimdmmm. m impmv&4 « 
from th^ ur^iiac rhythm Kssssagcmmi jsystm aM een«*j€t^ «s a ccat^H^i slf¥lc^< I?? s 




aniilysis of the separmt^H s?fRsl&, fg? esa 
15 th« sepaystea signals, Tfee 

The discJosed methods can also *f^lj«l prcd^t o 
pat«e^3f s, h«tift. Aa«r separating t^eosmkiJ BKO s 

cs^?^ niwhed with stored txi^^ dis^mis ^ d^nbed sbtjve. If 



past has ihe pv^tsef^^ NC^ur.if x ^ - - s ii..r n\J 5]k' n;h~k\1 mggor*! sM'oi Km'il m h<)^\ SKWJCs-iSh 



mUiim-i to BKO signals, tlse di«clijs«tl systesn© am^ methods can k apjshed to 




35 sl<>5> surfsi^e awAy fto««i tiK hcidy Thi'y cas^ also ^p|)bed lo recotd atid i« sep&msfi mgmh 



II 



apTu^us^j to th(.m" 4)f ORlroafy skU^ tn fcisc art fTOTJi the dssstewe bsrem A^iiiiiJonaOy, uthc? 

S p5i£?\<rm1 cjs-^bvKlis H<ri^. but is 50 b« -icinwil b> totcivncc to th<^ fblknvis-^g clfissnio 

*;igri,sl piocc^,fe.in§ &y?.tsr;-5 <;-mpJoi ing m^41m^;ltson rra\iTnK\U!ori l(< sisco^^jr uiikrsi->\vn NSgrisb ti:iro>.sgh 
uTiosufjervLsed mmimj^atscsn of o^iput jeAJandMty" fi^cd Nf-fvember 1994 its cntsrc(>-' a.s 
APFBNOm m Mimm. 



United state Patent ix% m ^mntnumh^n Bjm,m2 
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\ (, \ 1 '•fySTftUiv de-<.tT\,-Arj3 ixram IkOj ijy^i' | 
r -\tii t p\n \ }• 

I -^^ {. u T u r 1 I [ a 1 ^ \ ''J: WjElt.fscs**k:t t 

* t d bx t iti I m 'i^th'ejti-s ?l?c "^^a^ -^iv- c i i, ^ i 1 ^cvi 5 ai* 
i ijxtlkuolih ratvs^ tgBisl Eta hauv phd<»e ^p>i t PiSs an 

<QMM mmp\m mmmmmt^ m & cimm psasss s^ssa fnartesst 

<« 1 he -^casc^l tern &t tkjm 1 ja ^ -ro^tok i*? e^orti^Kied tt s^^jars^. t^e 

RcmJcv] s\i^%ih I « tt ulUpIving: t^Oitls'^ 'signals b> a ^sttix \% j sha* \ = \Hf Xj 

^vvc 1 v .1 '^Jvi's ^<5. S ot bis mi \\ , sniil a I J ai st^altn^ , 

r du U4.t V Ti). }> n. 

i jx^Kj st^t'* s to jj?odi^s< » gsltatsiltt^ of 4i«|^tt*6eid ^tg Mid 

sss a chaos pmse ^jsgje pt^irsiL 
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